Rotavirus is the leading cause of severe acute gastroenteritis in infants and young children. Most children are infected with rotavirus, and the health and economic burdens of rotavirus gastroenteritis on healthcare systems and families are considerable. In 2012 pentavalent rotavirus vaccine (RV5) and diphtheria, tetanus, acellular pertussis and inactivated poliovirus vaccine derived from Sabin strains (DTaPsIPV) were licensed in Japan. We examined the immunogenicity and safety of DTaP-sIPV when administrated concomitantly with RV5 in Japanese infants. A total of 192 infants 6 to 11 weeks of age randomized to Group 1 (N D 96) received DTaP-sIPV and RV5 concomitantly, and Group 2 (N D 96) received DTaP-sIPV and RV5 separately. Antibody titer to diphtheria toxin, pertussis antigens (PT and FHA), tetanus toxin, and poliovirus type 1, 2, and 3 were measured at 4 to 6 weeks following 3-doses of DTaPsIPV. Seroprotection rates for all components of DTaP-sIPV were 100% in both groups, and the geometric mean titers for DTaP-sIPV in Group 1 were comparable to Group 2. Incidence of systemic AEs (including diarrhea, vomiting, fever, and nasopharyngitis) were lower in Group 1 than in Group 2. All vaccine-related AEs were mild or moderate in intensity. There were no vaccine-related serious AEs, no deaths, and no cases of intussusception during the study. Concomitant administration of DTaP-sIPV and RV5 induced satisfactory immune responses to DTaP-sIPV and acceptable safety profile. The administration of DTaPsIPV given concomitantly with RV5 is expected to facilitate compliance with the vaccination schedule and improve vaccine coverage in Japanese infants.
Introduction
Rotavirus is the leading cause of severe acute gastroenteritis in infants and young children worldwide. 1 Rotavirus gastroenteritis (RVGE) is a universal disease and nearly every child is infected with rotavirus by the age of 5 years, regardless of socioeconomic status or standards of health and sanitation. 2 RVGE is characterized by the sudden onset of severe diarrhea, vomiting, and fever, and these symptoms generally persist for several days. In 2008, rotavirus was estimated to account for more than 450,000 deaths per year in children less than 5 y of age in the developing countries. 3 While rotavirus is not associated with a high rate of mortality in Japan and the developed countries, the health and economic burden related to RVGE on healthcare systems and families are substantial. [4] [5] [6] [7] To date, there is no specific therapy available against rotavirus infections and fluid replacement therapy to prevent dehydration is the primary treatment of RVGE in children.
Currently, 2 rotavirus vaccines are licensed as voluntary use for infants in Japan, the oral live pentavalent rotavirus vaccine, RV5 (RotaTeq Ò , Merck & Co., Inc., Kenilworth, NJ) and the oral live monovalent rotavirus vaccine (Rotarix Ò , GlaxoSmithKline Biologicals, Rixensart, Belgium). Administration of RV5 at 2, 3 and 4 months of age is recommended by the Japan pediatrics society. A clinical study conducted in Japan has demonstrated the effectiveness of RV5 in the prevention of RVGE caused by serotypes contained in the vaccine in Japanese infants. 8 Surveillance data and economic analysis indicated universal rotavirus vaccination for Japanese infants had a potential to reduce the burden of RVGE and health care utilization. [9] [10] [11] Rotavirus vaccines are recommended for use in infants by the World Health Organization 12 and have been introduced in the National Immunization Program (NIP) as a routine vaccine for the prevention of RVGE in many countries outside Japan.
In Japan, inactivated polio vaccine derived from Sabin strains (sIPV) was developed by the Japan Poliomyelitis Research Institute to avoid the risk of vaccine-related paralytic poliomyelitis associated with oral polio vaccine in infants. 13, 14 sIPV was combined with diphtheria-tetanus-acellular pertussis vaccine, DTaP-sIPV (Tetrabik Ò , BIKEN, Osaka, Japan; Quattrovac Ò , Kaketsuken, Kumamoto, Japan) and introduced into the Japanese NIP for infants in November 2012. 15, 16 Administration of DTaP-sIPV at 3, 4 and 5 months of age as a 3-dose primary vaccination and at 12-18 months after primary vaccination as a booster vaccination is recommended.
In the previous studies, concomitant administration of RV5 with licensed pediatric vaccines, including DTaP, IPV, Haemophilus influenzae type b (Hib) vaccine, recombinant hepatitis B vaccine, and 7-valent pneumococcal conjugate vaccine (PCV7) have been reported to be well tolerated and immunogenic, and immune responses to RV5 including rotavirus IgA antibody are generally similar to when RV5 is administrated alone. 17, 18 To our knowledge, there is no report regarding immune response to DTaP-sIPV when administrated concomitantly with licensed pediatric vaccines including RV5. Therefore, present study discussed here was designed to evaluate the immunogenicity and safety of DTaP-sIPV when administered concomitantly with RV5 in Japanese infants.
Results

Participant accounting and demographics
A total 192 Japanese infants aged 6 to 11 weeks were randomized 1:1 to Group 1 (concomitant vaccine administration group) or Group 2 (staggered vaccine administration group) ( Table 1) . There were slightly more males enrolled in each group, 51.0% and 57.3%, respectively. The mean age in weeks was comparable in both groups. The majority of subjects (94 in Group 1; 95 in Group 2) received all study doses and completed the study (Fig. 1) . Two subjects in Group 1 were randomized but did not receive any study vaccine, and one subject in Group 2 discontinued the study due to withdrawal of consent after Visit 3. One subject in each group was excluded from the per-protocol population due to a lost serum sample following Dose 3 of DTaP-sIPV. No subjects discontinued from the study due to a clinical adverse event (AE). Overall, 93 subjects in Group 1 and 94 subjects in Group 2 were included in the immunogenicity analysis population, and 94 subjects in Group 1 and 96 subjects in Group 2 were included in the safety analysis population, respectively. At Visit 1, 3 and 5, subjects who received the other routine pediatric vaccines (e.g. 7 or 13-valent pneumococcal conjugate vaccine, recombinant hepatitis B vaccine and Hib vaccine) were higher in Group 2 (staggered group) than in Group 1 (concomitant group). 58.3% of subjects (56/96) at Visit 1, 84.4% of subjects (81/96) at Visit 3 and 64.6% of subjects (62/96) at Visit 5 in Group 2 (staggered group) received RV5 with at least one of the routine pediatric vaccines concomitantly, whereas 34.0% of subjects (32/94) at Visit 1, 3.2% of subjects (3/94) at Visit 3 and 1.1% of subjects (1/94) at Visit 5 in Group 1 (concomitant group) received the routine pediatric vaccines alone.
Immunogenicity
The percentages of per-protocol subjects who achieved threshold levels (see Methods) for diphtheria toxin, tetanus toxin, pertussis toxin, pertussis FHA and polio virus type 1, 2, and 3 at 4 to 6 weeks following Dose 3 of DTaP-sIPV between the concomitant and staggered groups is presented in Table 2 . The lower bound of the 2-sided 95% confidence interval (CI) for the group difference in seroprotection rates (concomitant group -staggered group) was above the prespecified margin of ¡10%, meeting the non-inferiority response for DTaP-sIPV given with RV5 concomitantly compared with staggered group.
The geometric mean titers (GMTs) of each antibody for diphtheria toxin, tetanus toxin, pertussis toxin, pertussis filamentous hemagglutinin (FHA), and polio virus type 1, 2, and 3 at 4 to 6 weeks following Dose 3 of DTaP-sIPV were comparable between the concomitant and staggered groups (Table 3 ).
Safety
Overall, 68.1% of subjects (64/94) in the concomitant group and 86.5% of subjects (83/96) in the staggered group reported 1 or more AEs during Day 1 to Day 14 following any scheduled visits ( Table 4 ). The most common AEs ( 10% in any group) were diarrhea (25.5%, Group 1; 46.9%, Group 2), vomiting (8.5%, Group 1; 16.7%, Group 2), fever (10.6%, Group 1, 22.9%, Group 2), nasopharyngitis (7.4%, Group 1; 20.8%, Group 2), upper respiratory tract inflammation (9.6%, Group 1; 13.5%, Group 2), and upper respiratory tract infection (9.6%, Group 1; 12.5%, Group 2). Frequency in diarrhea and fever from Day 1 to Day 7 following any scheduled visits were significantly lower in the concomitant group than in the staggered group (diarrhea: 24.5% in Group 1, 44.8% in Group 2, P D 0.003; fever: 10.6% in Group 1, 21.9% in Group 2, P D 0.037) however, there were no significant difference in the frequency of other systemic AEs and injection-site AEs between the 2 groups. Vaccine-related AEs were reported by 19.1% of subjects (18/94) in the concomitant group and 45.8% of subjects (44/96) in the staggered group during Day 1 to Day 14 following any scheduled visit. All of the vaccine-related AEs including injection-site reactions were reported as mild or moderate in intensity and were resolved without discontinuing the study.
There were 2 subjects in the staggered group that reported having a serious AE during Day 1 to Day 14 following any scheduled visit; both were assessed as not related to the study vaccine by the study investigator. One subject reported an upper respiratory tract inflammation with onset 8 d after receiving the second dose of DTaP-sIPV, and; one subject reported a respiratory syncytial viral pneumonia with onset 14 d after receiving the second dose of RV5. No serious AEs were reported in the concomitant group during Day 1 to Day 14 following any scheduled visit. There were no reports of serious vaccine-related AEs, deaths, and/or cases of intussusception throughout the duration of the study.
Discussion
To prevent serious diseases (e.g., diphtheria, tetanus, pertussis, poliomyelitis, Streptococcus pneumoniae, Haemophilus influenzae type b), infants are required to receive their routine vaccines in accordance with the recommended vaccination schedule. With a growing number of new pediatric vaccines being developed, the need for concomitant administration of vaccines has been increasing to maintain an acceptable vaccination schedule. To support the use of concomitant administration of multiple vaccines during a single patient visit, it is crucial to demonstrate that there is no significant interference with the immunogenicity or changes to the safety profiles of these vaccines when administered concomitantly compared with when they are administered sequentially. This is the first study to assess the immunogenicity and safety of DTaP-sIPV when administered concomitantly with RV5. The immunogenicity data demonstrated that the seroprotection rates for diphtheria toxin, tetanus toxin, pertussis toxin, pertussis FHA, and polio virus type 1, 2, and 3 at 4 to 6 weeks following Dose 3 of DTaP-sIPV in the concomitant group were 100% for all antigens and non-inferior to those in the staggered group. The GMTs of each antibody for DTaP-sIPV at 4 to 6 weeks following Dose 3 of DTaPsIPV in the staggered group showed a tendency to be numerically higher than those in the concomitant group. However, this difference is not significant because in each case, the 95% CIs overlap. Furthermore, the GMTs for diphtheria toxin, tetanus toxin, pertussis toxin, pertussis FHA, and polio virus type 1, 2, and 3 in both groups were well above the threshold levels that are considered protective for these diseases.
In the clinical trials conducted in the United Stated and EU, the concomitant administration of RV5 with other licensed vaccines including DTaP, IPV, Hib vaccine, hepatitis B vaccine, and PCV7 have been shown to be safe and well tolerated and antibody responses to the licensed vaccines were similar to when the licensed vaccines were administered alone. 17, 18 This is consistent with the observation of our concomitant study of DTaP-sIPV with RV5 conducted in Japan.
This study observed that the frequency of AEs differed between the 2 groups. A lower incidence of systemic AEs (including diarrhea, vomiting, fever, and nasopharyngitis) was observed in the concomitant group compared with the staggered group. At Visit 1, 3 and 5, most of subjects received RV5 with other routine pediatric vaccines concomitantly in the staggered group, whereas few subjects received other routine pediatric vaccines in the concomitant group. The different frequency of AEs between 2 groups might be confounded by the possible AEs related to other routine pediatric vaccines. This observation was possibly due to the study design since AEs (diarrhea, vomiting and fever) were solicited for 7 d after each study visit, regardless of whether RV5 was administered alone or concomitantly with other routine pediatric vaccines.
The type of AEs observed in both the concomitant and staggered groups were similar to those in the prior Japan Phase III study 8 and most AEs reported in this study were mild or moderate in intensity. There were no vaccinerelated serious AEs, no deaths, and no cases of intussusception during the study and the safety profile of RV5 when y Responses and their difference were based on a statistical analysis adjusting for investigation sites. CI, Confidence interval; n, Number of subjects who achieve the seroprotection criteria; N, Number of subjects contributing to the per-protocol analyses; NA, Neutralizing antibody titers; SPR: Seroprotection rate.
given concomitantly with DTaP-sIPV is consistent with those observed in the previous clinical trials. 17, 18 Therefore, DTaP-sIPV was shown to be well tolerated when administered concomitantly with RV5.
The administration of DTaP-sIPV given concomitantly with RV5 is expected to simplify the Japanese vaccination schedule for infants, thereby facilitating better compliance, improved vaccine coverage, and timeliness of vaccine administration in Japanese infants. The data represented in this report provide evidence that the 3-dose regimen of the 0.5 mL/dose of Japanese manufactured DTaP-sIPV derived from Sabin strains given as a subcutaneous injection can be administered concomitantly with the 3-dose regimen of the 2 mL/dose orally administrated RV5.
The results from this study had some limitations, including that this was open-label study, other routine pediatric vaccines were allowed to be administered concomitantly with RV5 in the staggered group, and it is unclear whether concomitant administration of DTaP-sIPV with RV5 interfere with immunogenicity of RV5 in Japanese infants.
Conclusion
This study demonstrated that the concomitant administration of DTaP-sIPV and RV5 in Japanese infants could elicit immune responses to DTaP-sIPV comparable to those observed in the administration of DTaP-sIPV alone. DTaP-sIPV is well tolerated when administrated concomitantly with RV5 in Japanese infants. These findings support the concomitant administration of DTaP-sIPV and RV5 to facilitate the vaccination schedule for infants in Japan.
Materials and methods
Study design
From September 2013 to June 2014, this open-label, multicenter, randomized, clinical trial was conducted across 7 sites in Japan. This study evaluated the immunogenicity, safety, and tolerability of concomitant versus staggered administration of RV5 and DTaP-sIPV vaccines in Japanese infants. Subjects between 6 and 11 weeks of age ( 42 d to 76 d from date of birth) were randomly assigned in a 1:1 ratio to one of 2 groups. Subjects in Group 1 (concomitant group) received 3 concomitant doses of RV5 and DTaP-sIPV at Visit 2, Visit 4, Visit 6; while subjects in Group 2 (staggered group) received RV5 at Visit 1, Visit 3, Visit 5 and DTaP-sIPV at Visit 2, Visit 4, Visit 6, separately (Fig. 2) . To keep the safety follow-up period consistent between Group 1 and Group 2, subjects in Group 1 maintained a study visit at Visit 1, Visit 3 and Visit 5 where there was no study vaccination and safety follow-up was collected for 14 d. The first dose of RV5 was given by age 14 weeks and 6 d and the third dose of RV5 should not be given after 32 weeks of age in accordance with Japanese Table 3 . Geometric Mean Titers (GMTs) of each antibody for diphtheria toxin, tetanus toxin, pertussis toxin, pertussis FHA and Polio virus type 1, 2 and 3 between concomitant and staggered group at 4 to 6 weeks following 3-dose of DTaP-sIPV. CI, Confidence interval; GMT, Geometric mean titer; N, Number of subjects contributing to per-protocol analysis; The 2-sided 95% CI for the GMTs is based on the natural log-transformed titers and t-distribution.The 2-sided 95% CI for binomial responses is provided using the exact method by Clopper-Pearson. product circular. Concomitant administration of DTaP-sIPV with other routine pediatric vaccines was prohibited in this study to exclude the influence of other routine pediatric vaccines on the immune responses to DTaP-sIPV, with the exception of RV5. However, to avoid the loss of opportunity to provide other routine pediatric vaccines (e.g., 7 or 13-valent pneumococcal conjugate vaccine, hepatitis B vaccine and Hib vaccine), concomitant administration of other routine pediatric vaccines with RV5 at Visit 1, Visit 3 and Visit 5 were allowed only in the staggered group. Serum samples (3 mL) were collected before the first vaccination at Visit 1 (baseline) and post vaccination with DTaP-sIPV at Visit 7 (4 to 6 weeks following Dose 3 of DTaP-sIPV/RV5 or DTaP-sIPV) to measure the antibody responses to DTaP-sIPV.
Study objectives
The primary immunogenicity objective was to demonstrate that the immunogenicity of a 3-dose vaccination series of DTaP-sIPV in Group 1 (concomitant group) is non-inferior to that in Group 2 (staggered group). GMTs of diphtheria toxin, tetanus toxin, pertussis toxin, pertussis FHA, and polio virus type 1, 2, and 3 at baseline and at 4 to 6 weeks after Dose 3 of DTaP-sIPV in Group 1 and Group 2 were evaluated. The safety objective was to evaluate the safety and tolerability of the concomitant administration of DTaP-sIPV and RV5 through the study.
Study population
Japanese infants between 6 and 11 weeks of age were eligible for the study. Subjects were excluded if they: had a gastrointestinal disorder; demonstrated growth retardation; showed a failure to thrive; had a history of intussusception; had impairment of immunological function; had underlying diseases (such as cardiovascular, renal, liver, or blood); had a history of convulsions; were undergoing immunosuppressive therapy; received blood products; were previously vaccinated with rotavirus vaccine and/or DTaP-sIPV (including its components); received a live vaccine within 28 or an inactivated vaccine within 7 d of enrollment; participated in another interventional study within 14 d of enrollment or at any time during the study; were at high risk for tuberculosis exposure; or had a known hypersensitivity to any of the vaccines components. The study was conducted in accordance with principles of Good Clinical Practice, approved by the Institutional Review Board of each participating site, and written informed consent was obtained from parent/legal guardian of subject before study entry. This study is registered with ClinicalTrials.gov, number NCT01926015.
Vaccine descriptions
RV5 (RotaTeq Ò , lot WL00052861; Merck & Co., Inc., Kenilworth, NJ) is a ready-to-use solution of live reassortant rotaviruses, containing G1, G2, G3, G4, and P1A [8] which contains a minimum of 2.0 -2.8 £ 10 6 infectious units (IU) per individual reassortant dose, depending on the serotype, and not greater than 116 £ 10 6 IU per aggregate dose. Each dose is supplied in a container consisting of a squeezable plastic dosing tube with a twist-off cap, allowing for direct oral administration.
DTaP-sIPV (Tetrabik Ò , lot JM-0021; BIKEN, Japan) is approved in Japan for the prevention of diphtheria, pertussis, tetanus, and acute poliomyelitis and used in this study. The DTaP-sIPV vaccine is supplied in 0.5 mL pre-filled syringes contained 14 IU of diphtheria toxoid, 9 IU of tetanus toxoid, 4 U (pertussis protective unit) of pertussis protective antigen, 1.5 D-antigen units (DU) of poliovirus type 1 (Sabin strains), 50 DU of poliovirus type 2 (Sabin strains), and 50 DU of poliovirus type 3 (Sabin strains) for subcutaneous injection.
Measures
Immunogenicity Serum samples were stored at ¡20 C until used for testing. Antibody titer to diphtheria toxin and poliovirus type 1, 2, and 3 were determined by serum neutralization assay and tetanus toxin titer was determined by passive hemagglutination. Antibody titers to pertussis toxoid and pertussis FHA were determined by enzyme-linked immunosorbent assay. Assay for antibody titers of DTaP-sIPV were performed at BIKEN (Kanonji, Kagawa, Japan). For the primary objective, the end point was the percentage of subjects who achieved threshold levels for diphtheria toxin, tetanus toxin, pertussis toxin, pertussis FHA, and polio virus type 1, 2, and 3 at 4 to 6 weeks following Dose 3 of DTaP-sIPV. The seroprotection rates for DTaP-sIPV were defined as: 0.1 IU/mL for diphtheria toxin; 0.01 IU/ mL for tetanus toxin; 10 EU/mL for PT and FHA; and neutralizing antibody titers 1:8 for polio types 1, 2, and 3.
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Safety All subjects were followed for safety for 14 d after each scheduled study visit. This safety period was consistent with RV5 clinical study in Japan. 8 Solicited AEs included axillary body temperatures, vomiting and diarrhea. The parent or legal guardian was instructed to record axillary body temperatures and episodes of vomiting and diarrhea from Day 1 through Day 7 on a vaccination report card following each study visit. All AEs including local and systemic AEs, and serious and nonserious AEs were also recorded from Day 1 through Day 14, and all vaccine-related serious AEs, deaths, and cases of intussusception that occurred at any time were to be reported throughout the study period.
Statistical analysis
Immunogenicity
The primary immunogenicity analyses were based on a per-protocol population, defined as subjects who received the scheduled 3 doses of DTaP-sIPV and adhered to guidelines for the administration of the study vaccines. The immunogenicity of DTaPsIPV when administered concomitantly with RV5 (Group 1) in a 3-dose regimen was considered non-inferior to DTaP-sIPV and RV5 when administered alternately (Group 2) if the lower bound of the 2-sided 95% CI of the between-treatment difference (concomitant group and staggered group) of the percentage of subjects who achieved the seroprotection rates for diphtheria toxin, tetanus toxin, pertussis toxin, pertussis FHA, and polio virus type 1, 2, and 3 following Dose 3 of DTaP-sIPV are no lower than ¡10%. The Miettinen and Nurminen method was used to provide the 95% CI of the between-treatment difference [concomitant group and staggered group] of the seroprotection rate. 23 No multiplicity adjustment was planned as the non-inferiority is admitted only when all lower bounds of 95% CI on the 7 primary endpoints are larger than the relevant non-inferiority margins (¡10%). With 190 subjects (85 evaluable subjects per group after accounting for a possible 10% dropout), there is about 78% power to declare that the immunogenicity of DTaPsIPV in the concomitant group is non-inferior to that in the staggered group. As for the measurements, response rates will be used for evaluation of diphtheria toxin, tetanus toxin, pertussis toxin, pertussis FHA and Polio virus type 1, 2 and 3 based on well-established protective antibody levels. The power calculation is based on the assumed true percentage of responders for diphtheria toxin: 98.5%, tetanus toxin: 97.8%, pertussis toxin: 98.5%, pertussis FHA: 98.5% and Polio virus type 1, 2 and 3: 98.5% based on the data of Tetrabik Ò . In addition, the proportion of subjects who achieved the threshold response criteria, as well as the GMTs of antibody responses to diphtheria toxin, tetanus toxin, pertussis toxin, pertussis FHA, and polio virus type 1, 2, and 3 (at baseline and post Dose 3 of DTaP-sIPV) were to be summarized for each group. The corresponding 2-sided 95% CI on the proportion and GMTs are provided for each vaccination group.
Safety
All randomized subjects who received at least 1 dose of study vaccine and had safety follow-up were included in the safety analysis (All Subjects as Vaccinated). The frequencies and percentages of AEs were summarized. For AEs reported with a proportion >0% in any vaccination group, a comparison of the percentage of subjects reporting AEs between the 2 vaccination groups was performed. The frequencies were tabulated for both vaccination groups, with risk differences between the 2 vaccination groups using point estimates and a 2-sided 95% CI, using the Miettinen and Nurminen method. 23 AEs of special interest included fever, vomiting, diarrhea, and injection-site reactions. Frequencies and percentages were tabulated for both vaccination groups for these AEs of special interest with risk differences between the 2 vaccination groups using point estimates, 2-sided 95% CI and p-value. P 0.05 is considered statistically significant for this study.
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